This is the first study in which genetic diversity of eight chicken populations including Satsumadori, Satsumajidori and three populations each of improved and commercial chicken by using 102 indels markers. Both of Satsumadori and Satsuma-jidori were referred to as Satsuma's chickens in this study. The proportion of polymorphic loci, average observed and expected heterozygosities were ranged from 0.500 to 0.814, from 0.147 to 0.257 and from 0.175 to 0.247, respectively. Monomorphic indels loci being specific to a particular population were detected in some populations. The coefficients of genetic differentiation (Gst) of the Satsuma's chickens and six populations of improved and commercial chickens were 0.124 and 0.287, respectively. The Gst for all populations was 0.329. The (Ds) genetic distance matrixes for all possible pairs (28 pairs) of populations were estimated from allele frequency to construct UPGMA tree. The UPGMA tree clearly divided Satsuma's chickens and the other populations. The 2-D scatter plots of PCA analysis assembled the individuals into their respective populations.
Introduction
Satsumadori is a well-known Japanese indigenous breed native to Satsuma region. Satsuma used to be the former name of the Kagoshima Prefecture in Southern Kyushu. Satsumadori was a breed of game chicken developed by crossing with Shamo and Shokoku (Catalogue of Asian native chicken, 1991). As the appearance of Satsumadori was beautiful with abundant long tail feather, the breed was designated a natural monument in 1943 (Catalogue of Asian native chicken, 1991). In the year 1990, the Kagoshima Prefectural Institute for Agricultural Development (KIAD) began to develop a new variety of the local Satsuma chickens by inter-breeding between the male Satsumadori and the female Rhode Island Red. In the year 2000, the project was completed and resulted in the Satsuma-jidori. This new variety distinguished for its fine muscle fiber, a light crunchy texture, good meat color and lean meat. Since they are more resistant to disease and heat compared to ordinary broilers, Satsuma-jidori chicken has set a new benchmark for the industry. Today Satsuma-jidori meat is well-known brand in Japan. Due to these excellent genetic characteristics of Satsumadori and Satsuma-jidori, it is special interest to assess the genetic variation between these two chicken populations from Satsuma region and other chicken populations by utilizing modern molecular tools.
The genetic variability and relationship of Japanese and foreign chicken has been assessed by microsatellite DNA profiling (Osman et al., 2006) . The genetic relationship between the Japanese native chicken (Satsumadori and Ingie) and the commercial chickens has been evaluated using 70 chicken autosomal SNP genotypes by the DigiTag 2 assay (Shimogiri et al., 2011) .
The insertion and/or deletion (indels) polymorphisms are diallelic markers with a potential characteristics for use in the study of genetic diversity and phylogenic relationship. Indels markers have many genetic advantages for analytical use: they are widely spread throughout the genome, all of the polymorphisms derive from a single mutation event and they have reduced mutation rates (Natalle et al., 2010) . In our previous study, we analyzed the genetic diversity of Myan-mar and Indonesia native chickens together with Red Junglefowl (Gallus gallus bankiva) and Green Junglefowl (Gallus varius) by using 102 indels polymorphisms . We found that the genetic variability is higher among native chicken populations and lower in Red Junglefowl and Green Junglefowl. The native chickens from two countries were genetically close to each other and remote from Red Junglefowl and Green Junglefowl from Java Island.
In this study, we emphasized on 102 indels polymorphisms from previous study as genetic markers to assess the genetic diversity and to determine the genetic relationship of two chicken populations from Satsuma region and other chicken populations.
Materials and Methods

Chicken Samples
In total, 474 birds of two chicken populations from Satsuma region and six chicken populations representing three improved and three commercial chicken populations were examined. Two chicken populations from Satsuma region were Satsumadori (SD, n＝20) and Satsuma-jidori (SJ, n＝40). Three improved chicken populations were Rhode Island Red (RIR, n＝55), White Leghorn (WL, n＝ 60) and Barred Plymouth Rock (BPR, n＝119). Three commercial chicken populations were Ross (RS, n＝60), Cobb (CB, n＝60) and Boris Brown (BB, n＝60).
Satsumadori and Satsuma-jidori (both of them were referred to as Satsuma's chickens) samples were obtained from Kagoshima Prefectural Institute for Agricultural Development (KIAD). Genomic DNA was extracted from blood samples using standard phenol-chloroform extraction protocols (Sambrook et al., 1989) .
Genotyping of Indels Markers
Information and genotyping method of the 102 indels markers used in this study (m1 to m102) have been reported in our previous study . Genotypes of indels polymorphisms were determined by size difference between the PCR fragments. As for genotypes, A and B denoted insertion and deletion alleles respectively.
Statistical Analysis
The genetic variability of each population was assessed by calculating the minor allele frequency (MAF), proportion of polymorphic loci (P poly : Lewontin and Hubby, 1966) , and average observed and expected heterozygosity (H E : Nei, 1978) . Chi square (χ 2 ) approximation was used to test HardyWeinberg Equilibrium (HWE) (Weir, 1996) and calculate the degree of genetic differentiation (Gst) (Nei, 1973) . The pair wise standard genetic distance (Ds) (Nei, 1972) was computed using PHYLIP ver. 3.69 (Felsenstein, 2009 ). Then we constructed phylogenetic tree by using unweighted pair group method with arithmetic mean (UPGMA) (Sneath and Sokal, 1973) implemented by MEGA software ver. 4.1 (Tamura et al., 2007) . To examine population substructure, the individual genotype for 102 indels were subjected to a principal component analysis (PCA) using EIGENSOFT version 3.0 (Patterson et al., 2006) .
Results
Indels Polymorphisms
Out of the 102 indels markers, 98 were polymorphic in the 474 chickens and the remaining four were monomorphic. Of the 98 loci, 36 loci were fixed in SJ whereas 47 loci were fixed in SD excluding four monomorphic markers for all populations. Then 35 loci in RIR, 37 loci in WL, 41 loci in BPR, 20 loci in RS, 16 loci in CB and 24 loci in BB were fixed. We observed one (m31; BB＝1) was monomorphic only in the SJ whereas six (m6; BB＝1, m9; AA＝1, m22; AA ＝1, m45; BB＝1, m47; AA＝1, m94; BB＝1) only in the SD. In addition, two was monomrphic only in RIR (m10; BB＝ 1, m91; AA＝1), five only in WL (m5; AA＝1, m 16; AA＝ 1, m71; BB＝1, m77; AA＝1, m92; BB＝1), and in BPR (m4; BB＝1, m25; BB＝1, m46; AA＝1, m50; BB＝1, m82; BB＝1). Then two was monomorphic only in RS (m1; BB＝ 1, m14; AA＝1).
In this study, 80% of the polymorphic loci had a minor allele frequency (MAF) of ＞10% and 49% of ＞20%. The average MAF by 98 polymorphic markers was estimated as 0.227. Tests of Hardy-Weinberg equilibrium (HWE) over all experimental populations and within populations indicated that all of the populations were in HWE except SJ at m6.
Genetic Variability
The genetic variability of eight chicken populations was demonstrated in Table 1 . The P poly value of each population was ranged from 0.500 to 0.814 (Table 1 ). The RS, CB and BB populations showed higher values than other populations. The SJ population showed higher value (0.608±0.048) than SD (0.500±0.049) but lower than RIR (0.618±0.048).
The H O and H E values were ranged from 0.147 in SD to 0.257 in BB and from 0.175 in SD to 0.247 in RS. The RS, CB and BB populations showed higher values than other populations. The SJ population showed higher H O and H E values (0.196 and 0.212) than SD (0.147 and 0.175) and RIR (0.153 and 0.177). The H E values of CB, WL and RIR (0. 245, 0.192 and 0.177, respectively) were consistent to our previous study using 98 autosomal SNP markers .
The degree of genetic differentiation (Gst) value was calculated as 0.124 in Satsuma's chickens and 0.287 among the other chicken populations. The Gst value for over all populations was 0.329.
Phylogenetic Analysis
The UPGMA tree constructed from the Ds distances matrixes between eight chicken populations calculated from 102 indels markers in Fig. 1 . Satsuma's chicken populations were genetically related with each other with the smallest Ds value of 0.072. The UPGMA tree divides 8 chicken populations to two major clades. The first clade was composed of the improved and commercial chicken populations and the second clade was composed of Satsuma's chicken populations.
Population Substructure by using PCA Analysis
The 2-D scatter plot of the first two principal components Journal of Poultry Science, 50 (2) (PCs) was showed in Fig. 2 . Contribution ratios of PC1 and PC2 were 13.8 and 10.7%, respectively. By considering PC1 and PC2 cumulatively, individuals were grouped, corresponding to their respective populations. In addition, Satsuma's chicken populations showed admixture between them whereas RIR did not show admixture to SJ. The two commercial chickens (RS and CB) were closely positioned near each other, which was consistent to UPGMA tree in Fig. 1 .
Discussion
The present study examined the genetic diversity of eight chicken populations by using 102 indels polymorphisms as genetic markers. Out of 102 indels loci, 98 were polymorphic over the whole populations. This was almost the same number as our previous study . The MAF percentage in present study was close to the previous study of Väli et al. (2008) ; using indels as genetic markers in wolf populations showed 74% of the polymorphic loci had MAF of ＞10% and 49% of ＞20%.
The genetic variability based on P poly and heterozygosities was higher in commercial (RS, CB and BB) and SJ than improved (RIR, WL and BPR) and SD chickens populations. These results support hybridization of breeds when establishing commercial chickens and SJ by interbreeding between SD and RIR. In addition, the layers (WL and BB) showed lesser genetic variability than the broilers (CB and RS). These results were consistent with those obtained by microsatellites and SNPs in earlier studies (Crooijmans et al., 1996; Vanhala et al.,1998; Hillel et al., 2003; .
For genetic relationships, the UPGMA dendrogram showed that the Satsuma's chickens and the group of chickens representing improved and commercial chicken populations were genetically distant with each other (Fig. 1) . The highest Gst value (0.329) supported their genetic relationship. The Gst value (0.289) was also high among the improved and commercial chicken populations. These re- sults might be the result of intensive selection to fix desirable traits during the process of improvement in commercial chickens. Satsuma's chickens were shown as closely related to each other in the dendrogram. However, RIR, one of the parental breeds of SJ, was genetically distant from the Satsuma's chickens in the dendrogram (Fig. 1) . The similar results were obtained from the 2-D plot of PCA analysis (Fig.  2) where individuals from RIR population were not showed admixture to SJ. These may be resulted from differences in sample collection. The SD samples were taken from a parental stock of SJ in KIAD while RIR were not.
In the Japanese chicken market, some brand chickens are directly associated with pure breeds or particular hybrids. Therefore, DNA test for breed or brand identification is realistic and desirable for types of brand chicken. In the report of Takahashi et al. (2007) five microsatellite markers which have fixed allele in Nagoya chicken were used to discriminate between Nagoya breed and all other chicken. Rikimaru and Takahashi (2007) reported the use of 14 microsatellite markers, which were fixed in Hinai-jidori to distinguish Hinai-jidori chicken (Hinai-dori X Rhode Island Red) from other chicken breeds. Nakamura et al. (2010) stated that the utilization of one fixed fragment size in five microsatellite markers to check the authenticity of Nagoya breed-labeled chicken on the market. Currently, there is no application on indels markers for breed identification. In this study, 36 of the 102 markers were fixed in the SJ chickens, some of which were not fixed in other chickens. This finding may provide a possibility for distinguishing the SJ from others.
In summary, the results reported here were in good reflection to the characteristics of populations and agreement to previous reports. Therefore, indels polymorphisms were convenient and useful markers to assess the genetic diversity and genetic relationships of chicken populations.
